INTRODUCTION
Test result management is a multi-step process that involves ordering, reporting, reviewing, and acting. This process is critical for clinically significant test results (CSTRs), those results that require clinical action to avoid morbidity and mortality regardless of the urgency of that action. 1 Life-threatening CSTRs (e.g., pneumothorax on chest X-ray) should be communicated directly to the responsible clinician. When consequences are immediate, verbal acknowledgment ("read-back") is much more likely to result in timely follow-up. These CSTRs are the subject of standardized management at most institutions.
Nonurgent CSTRs (e.g., abnormal HbA1c, an incidental pulmonary nodule on chest imaging) require follow-up, but not immediately. Nonurgent CSTRs have received far less attention, but require standardized management nonetheless. 2 Failure to follow-up nonurgent CSTRs may result in delays in diagnosis, missed treatment opportunities, additional healthcare utilization, and malpractice litigation. [3] [4] [5] [6] [7] To ensure that appropriate follow-up occurs, authorities suggest establishing communication policies, clarifying roles and responsibilities, defining levels of urgency and expectations for follow-up, and implementing a process for escalating unacknowledged results after predefined time intervals for CSTRs. 2, 8 Health information technology has the potential to facilitate more seamless management of CSTRs in the ambulatory setting. 9, 10 Management of nonurgent CSTRs within electronic health records (EHRs), however, is less studied; patient safety concerns related to incomplete follow-up persist. 7, 8, 11, 12 Typically, CSTRs are acknowledged electronically to track whether the responsible clinician was aware of a significant abnormality. Limited data exist with regard to how clinicians actually use and perceive test result acknowledgment tools.
Poon et al. 9 previously developed a Results Manager (RM) application within the EHR at Partners Healthcare, Inc. RM has been widely adopted by primary care physicians (PCPs) and includes an acknowledgement tool. The extent to which clinicians use and are satisfied with this feature is not known. The purpose of this study is to determine how often nonurgent CSTRs are acknowledged, verify typical actions taken after acknowledging test results, assess reported use and satisfaction with the acknowledgement tool, and evaluate the perceived utility of proposed enhancements.
METHODS
Setting and Participants: We conducted our study at Partners, Inc., an integrated healthcare delivery network in Boston, MA, USA. The study was approved by the Partners Institutional Review Board. All Partners affiliated primary care practices use the Longitudinal Medicine Record, the ambulatory EHR. PCPs affiliated with these practices from January 2011 through January 2012 were included.
RM Acknowledgment Tool (Figure 1a and 1b) : See Figure 1a . RM is a web-based module accessible from Longitudinal Medicine Record with access to all data available in the Partners Clinical Data Repository. 9 Partners' PCPs typically use RM to manage ambulatory test results. Clinicians review results associated with a patient visit individually, and can choose from one of several actions: acknowledge result, forward result, and create or addend the patients' results letter (see Figure 1b) . Query of nonurgent CSTRs: We defined nonurgent CSTRs as results that do not require immediate action to avoid morbidity and mortality (no action required within 48 h of reporting). Nonurgent CSTRs have a longer time interval for acknowledgment (see below). 1 We selected six nonurgent CSTRs to determine the extent to which clinicians acknowledge results from within their RM queue. These included abnormal HbA1c, HbsAg, HCV Ab, LDL, urine HCG, and PSA results (level of urgency denoted by one (!) or two (!!) exclamation points). We queried the RM queues of all PCPs over a 12-month period to quantify use of the acknowledgement tool for these nonurgent CSTRs. A result was considered acknowledged when the "Acknowledge Result" button was clicked by the PCP.
Partners' Communicating CCSTR Task Force: As part of a networkwide initiative to standardize test result communication and acknowledgment policies, we visited all PCPs at affiliated practices during 2011. Our goals were to (1) review standardized test result definitions and policies regarding CSTRs, (2) demonstrate how these definitions correlate with severity as designated by RM (!!!,!!,!), and (3) review the standardized timeframes for acknowledgment. 1 The timeframe for acknowledging nonurgent CSTRs was 15 days.
Surveys: We developed a survey instrument to assess frequency of RM use (semi-quantitative), typical actions taken after reviewing a CSTR (all that apply), frequency of electronic acknowledgement (semiquantitative), reasons for using electronic acknowledgment (all that apply), satisfaction with use (5 point Likert scale), and enhancements desired (all that apply). The survey questions were vetted and refined by members of the Partners communicating CSTR Task Force and a small group of practicing internists (<5) to ensure appropriate context and consistent understanding. We emailed surveys to PCPs in December 2011. Participants were provided space for comments and suggestions. All participants received a small financial incentive ($10 Amazon.com gift card) upon completion of the survey. All survey data were collected and managed using REDCap hosted by Partners, Inc. 13 Statistical and qualitative analyses: We used descriptive statistics to report provider demographic data and to quantify reasons for use of, actions taken after, and desired enhancements to RM acknowledgment. We compared the proportion of nonurgent CSTRs acknowledged by survey respondents and nonrespondents using a chi-squared analysis (2-sided, p < 0.05). We dichotomized and compared user satisfaction data using Fisher's Exact test (2-sided, p < 0.05). User comments were analyzed and grouped by themes using a two-person consensus approach. Responses from semi-quantitative questions were correlated with usage data from the RM query.
RESULTS
We sent surveys to 146 Partners PCPs at 13 primary care practices. We received 73 complete responses (response rate 50%). Surveyed PCPs had the following characteristics: 37 (51%) female, 50.2 6 10.7 years of age, 22.9 6 10.7 years of clinical experience, and 13.1 6 8.9 years of work experience at Partners. We identified a total of 15 102 non-urgent CSTRs from our query of RM queues; of these, surveyed PCPs acknowledged 11 718 (acknowledgment rate 78%). PCP survey respondents and non-respondents acknowledged 6416 of 7639 (84%) and 5302 of 7463 (71%) nonurgent CSTRs, respectively (p < 0.0001).
Of the 73 PCPs who responded to the survey, 72 (99%) reported that they used RM. These 72 PCPs reported that they perform one or more actions after reviewing CSTRs; on average, they selected 6.5 6 1.5 actions listed in the survey (Table 1) .
Of the 72 PCPs who used RM, 48 (67%) "always" and 24 (33%) "sometimes" used the acknowledgement tool. When asked why they use the acknowledgment tool, 54 (75%) reported that it helps them review and acknowledge results as they return, 45 (62.5%) reported that it helps them track which CSTRs they have previously acknowledged, 29 (40.3%) reported that it helps them track results on which they have performed an action, 33 (45.8%) reported that it improves workflow efficiency, and 46 (63.9%) reported that it helps them systematically work through their RM results queue. Eleven (15.3%) reported that they use the acknowledgement function for other reasons, including five (45.0%) who commented that acknowledgment is required for legal/liability Clinicians can access chemistry (C), hematology (H), and radiology (R) results available in the Partners CDR. 2 Abnormal results are automatically flagged by severity:!!! ¼ life-threatening,!! ¼ urgent,! ¼ nonurgent. 3 A checkmark under the "Ack" column appears after all results associated with a visit have been explicitly acknowledged. 4 Clinicians can access visit notes associated with the ordered test, and can generate a prepopulated patient results letter to enhance and expedite communication of test results. 5 Clinicians may record follow-up tasks in the "User Flags/Comments" column. purposes ("required to lower liability risk," "no idea why it is even there, suspect for legal reasons to cover their !%# of lab and radiology results so that the clinician can be blamed for anything missed").
Of the 72 PCPs that used RM's acknowledgment tool, 46 (63.9%) stated they were satisfied. On average, they selected 2.7 6 1.9 suggested enhancements (Table 2) . We did not observe a statistically significant difference for any enhancement by satisfied and nonsatisfied RM users (Table 2) .
Twenty-seven survey respondents (37.5%) provided written suggestions on which we conducted our qualitative analysis. We identified four major themes for enhancements: (1) configurable settings to view acknowledged and pending results, and to prompt acknowledgement when performing a task in which those results are reviewed ("ability to see at a glance which test results have been acknowledged"); (2) integration with follow-up reminders and to-do lists that prompt clinicians to perform future tasks ("it would be neat if you could create a 'to do' that would remind either yourself or anyone else caring for the patient what needed to be done"); (3) linkages to other components of the EHR, such as direct patient messaging (via patient portal), problem list, and appointment and scheduling tools; and, (4) reconfiguration to minimize duplication of activities (reviewing related documentation, reconciling alerts from other systems).
DISCUSSION
We observed that only 78% of nonurgent CSTRs were acknowledged electronically by surveyed PCPs. Moreover, we found a significantly lower rate of acknowledgement of nonurgent CSTRs by PCPs who did not respond to the survey. From our survey, we found that while nearly all PCPs used RM to manage test results, fewer (40-75%) reported that using the acknowledgment tool was helpful for a specific purpose despite taking one or more actions after reviewing a result. Sixty-three percent of surveyed PCPs reported that they were satisfied with the acknowledgement tool, but satisfied and nonsatisfied users alike thought suggested enhancements to current functionality would be desirable.
We believe that the lack of uniform use of RM's acknowledgement tool is due to the following reasons: suboptimal integration of standard EHR tools that facilitate typical actions (securely messaging patients, ordering additional tests, scheduling follow-up, updating problem list, etc.); poor workflow integration (toggling between RM and other EHR modules, reviewing documentation of previously acknowledged results); poor transparency of test result acknowledgement and actions taken by other clinicians, lack of reconciliation of acknowledgment with other systems); perceptions of added work without added benefit; and misperceptions of its intended purpose (for legal/liability purposes).
Singh et al. 11, 14 previously reported that up to a third of test results remain unacknowledged, and that timely follow-up action is equally lacking for both acknowledged and unacknowledged results. While we report a similar finding, recent work demonstrates that result notification tools can improve rates of acknowledgement when designed effectively; however, the impact of these systems on rates of nonurgent CSTR follow-up remains unclear. [15] [16] [17] [18] In theory, closely tethering acknowledgment to other EHR functionality could enhance patient safety by ensuring that the closed loop communication process prompts timely action when necessary (linking acknowledgment to action). Interestingly, all surveyed PCPs in this study reported that they Similarly, if an indeterminate pulmonary nodule is identified in a radiology report and flagged in RM, then presenting evidenced-based recommendations for follow-up imaging to the responsible clinician, facilitating ordering of future imaging studies, or integrating tools that add "pulmonary nodule" to the active problem list could ensure that follow-up actions occur more reliably. Linking electronic acknowledgment functionality to components of the EHR in these ways could provide safety backstops for nonurgent CSTRs, thereby preventing morbidity related to delays in diagnosis or treatment. 1 Our study has several limitations. First, because our sample size was small, our results may be subject to sampling bias. Second, responders were more likely than nonresponders to use RM's acknowledgement tool; thus, our findings may be biased towards reporting the experience of those survey respondents who use RM more regularly, are more familiar with its functionality, and therefore, are more satisfied. However, this would suggest that satisfaction was actually worse than reported. Finally, our findings may not be generalizable as it took place at a single integrated healthcare network that uses a proprietary EHR and RM application.
In summary, results management applications should consider linking acknowledgment functionality to typical actions that clinicians take to facilitate follow-up, such as scheduling follow-up, reviewing evidence-based follow-up recommendations, setting reminders for future tasks, and messaging patients securely. Such enhancements would safeguard against non-urgent CSTRs "falling through the cracks," perhaps allowing clinicians to perceive electronic acknowledgment as a value added task. 5 
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